Even when present in very low concentrations, certain metal ions can have significant health impacts depending on their concentration when present in drinking water. In an effort to detect and identify trace amounts of such metals, environmental monitoring has created a demand for new and improved methods that have ever-increasing sensitivities and selectivity. This paper reviews the sensitivities of over 100 recently published biosensors using various analytical techniques such as fluorescence, voltammetry, inductively coupled plasma techniques, spectrophotometry and visual colorimetric detection that display selectivity for copper, cadmium, lead, mercury and/or aluminium in aqueous solutions.
Introduction
Toxicity is typically measured by the amount of harm or ill health caused by exposure to toxicants. In general, there is an inverse relationship between the environmental abundance of metals and their toxicity (Lithner 1989) . Some metals bioaccumulate after consumption of contaminated drinking water and/or seafood with varying degrees of toxicity (Gruber 1989) . Various human activities contribute to the pollution of ground, drinking and wastewater with toxic metals (Chowdhury et al. 2016) .
Previous biosensors have relied on bioassays using animal models such as Salmo gairdneri fish (Lanno et al. 1985) , cladocerans (Ceriodaphnia dubia) (Hyne et al. 2005) or Daphnia magna (Bang et al. 2011) and Vibrio fischeri (commercialised by Microtox®). The widespread industrial and domestic uses of these bioassays are typically limited by high costs, long assay times, the requirement for specialised infrastructure, ethical considerations, significant data variability and low specificity towards specific metals. Recently, SYBR Green I-based sensors such as HazardScreen® (HS®) assay have been used to assess additive, synergistic or antagonistic toxicity effects of heavy metals in water (Foreman et al. 2011) . Strong correlations of results have been shown between the Microtox® sensor, the Ceriodaphnia dubia bioassays and the HazardScreen DNA-based sensor. Until recently, bioassays have been unable to identify the individual toxicants that contribute to the overall toxicity of complex aqueous solutions (Chang et al. 1981; Foreman et al. 2011) . Recently developed sensors use a variety of methods of quantifying the toxicity of trace quantities of metals in drinking water. These new biosensors are becoming increasing cost-effective and in delivering fast in situ and realtime results. The sensitives and overall mechanisms of actions of newly published biosensors for copper, cadmium, lead, mercury and aluminium are compiled in Tables 1, 2, 3, 4 and 5, respectively.
The author of this review presents a compilation of various published sensor mechanisms and the molecular basis for their high degree of selectivity for either copper, cadmium, lead, mercury and/or aluminium. All techniques are listed in order of their sensitivities in aqueous solutions. Analytical techniques presented here include fluorescence, voltammetry, inductively coupled plasma techniques, spectrophotometry and colorimetry. The aim of this review is to identify which techniques display the highest degree of sensitivity for the selected heavy metals. Furthermore, the author is happy to discuss any areas of further optimisation and provide helpful suggestions to developers of sensors for the selected heavy metals.
Discussion and concluding remarks
This review gives a brief overview of the current mechanisms used to construct biosensors and their detection limits. There are a few clear trends from this review. Firstly, nanoparticles (NPs) are becoming increasingly used in the construction of the most sensitive biosensors. Secondly, simple NP receptor molecules are insufficient and require continual optimisation. Surface modifications and/or forming complex structures greatly improve sensitivities. Thirdly, more work is needed to verify not just the detection limits, but also the sensitivities of these biosensors to their target analytes. For example, authors should test the robust nature of their biosensors by adding trace amounts of metal to samples of river and sea water once they have optimised their techniques. The clear contribution of nanotechnology and biotechnology to the performance of the reviewed biosensors suggests that rapid performance improvements are in progress to develop Porous magnesium oxide nano-flowers 81 pM (40-140 nM) Porous magnesium oxide nano-flowers sensitive electrode monitoring using square-wave anodic stripping voltammetry Wei et al. 2012 CNTs carbon nanotubes, Au NPs gold nanoparticles Nano-structured polymer nanoparticles 0.6 nM (1.0 to 0.08 nM) Voltammetry using carbon-paste electrodes modified with nano-structured ion-imprinted polymer nanoparticles CNTs carbon nanotubes, Au NPs gold nanoparticles, ssDNA single-stranded DNA, QDs quantum dots Au NPs gold nanoparticles, Pd NPs palladium nanoparticles, NDs nano dots, Ag NPs silver nanoparticles, Ag NCs silver nanoclusters, PVA-Ag-NPs silver nanoparticle-impregnated poly(vinyl alcohol), SERS surface enhancement Raman spectrum, QDs quantum dots, NBD-Cl 4-chloro-7-nitrobenzo-2,1,3-oxadiazole commercial tests in real-time systems. It is crucial that testing technology move away from infrastructure-intensive sensors such as atomic absorption spectroscopy (Vil'pan et al. 2005) , cold vapour atomic fluorescence spectrometry (Yan et al. 2002) , inductively coupled plasma mass spectrometry (Moreton and Delves 1998) , electrochemical methods (Liu et al. 2009 ), gas chromatography (Fitzgerald and Gill 1979) and high-performance liquid chromatography (Balarama Krishna et al. 2007 ). There is a need to develop new portable and rapid biosensors that can be used even by school children with minimal training (Foreman et al. 2011 ). However, important considerations of biosensors designed for use in rural areas of developing countries are low cost, and a long shelve half-life of certain reagents (e.g., enzymes and oligonucleotides) (Fernandez-Lafuente 2009; Gibson et al. 1992; Panjan et al. 2017 ).
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